


About ESA 


The European Space Agency (ESA) was formed on 31 May 1975. It currently has 15 Member States: Austria, Belgium, 
Denmark, Finland, France, Germany, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and the 


United Kingdom. Canada is also a partner in some of the ESA programmes. 


The ESA Science Programme has launched a series of innovative and successful missions. 


Highlights of the programme include: 


Cluster, which is a four-spacecraft mission to investigate 
in unprecedented detail the interaction between the Sun and 
the Earth's magnetosphere. 


Giotto, which took the first close-up pictures of a comet 
nucleus (Halley) and completed flybys of Comets Halley and 
Grigg-Skjellerup. 


accurately than ever before and changed astronomers’ ideas 
about the scale of the Universe. 


Hubble Space Telescope, a collaboration with 
NASA on the world’s most important and successful orbital 
observatory. 


Huygens, a probe to land on the mysterious surface of 
Saturn's largest moon, Titan, in 2004. Part of the international 
Cassini mission. 


ISO, which studied cool gas clouds and planetary 
atmospheres, Everywhere it looked, it found water in 
surprising abundance. 


IUE, the first space observatory ever launched, marked the 
real beginning of ultraviolet astronomy. 


SOHO, which is providing new views of the Sun's 
atmosphere and interior, revealing solar tornadoes and the 
probable cause of the supersonic solar wind. 


Ulysses, the first spacecraft to fly over the Sun's poles 


XMM-Newton, with its powerful mirrors, is helping to 
solve many cosmic mysteries of the violent X-ray Universe, 
from enigmatic black holes to the formation of the galaxies. 


For further information on the ESA Science Programme please contact the Science Programme 
Communication Service on (tel.) + 31 71 565 3223; (fax) + 31 71 565 4101 


More information can also be obtained via the ESA Science Website at: hitpy/sci.esa.int 


Hipparcos, which fixed the positions of the stars far more 


Prepared by: Science Programme Communication Service 
Text by: Martin Ransom & Stuart Clark 
Published by: ESA Publication Division 
ESTEC, PO BOX 299 
2200 AG Noordwijk 
The Netherlands 
Editors: Bruce Battrick and Monica Talevi 
Design and layout: AOES Medialab & Carel Haakman 
Copyright: (c) 2002 European Space Agency 
ISSN No.: 0250-1589 
ISBN No,: 92-9092-742.9 
Price: 7 Euros 
Printed in the Netherlands 









NTEGRAL 


. The international gamma ray astrophysics laboratory 
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is just one type of radiation 
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associated radiatior 
agnetic spectrum, 
1s of radio waves, 
microwaves, infrared radiation 
Visibletight, ultraviolet light, X-rays 
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electromagnetic radiation is 
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processes and so all carry 
their own privileged information 
about the Universe 
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The atoms that make us 
il study the way elements are created and scattered 





Nature contains over 100 different type 





elements, such as iron, oxygen, hydrogen, 
etc. Astronomers have been instrumental in understanding where this mix of chemicals comes from. In 
fact, scienc now confident that most of the atoms in our bodies and, indeed, in everything around 
us, were once in the hearts of stars. From there, they were released into space at the end of the star's 
life, often in a violent explosion known as a superr e precise nature of how this happens remains 
the list for INTEGRAL to investigate 
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Whe densest objects in the Universe 
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all the material is ejected into space 





Some of it collapses ir mely compact object known as a neutron 
tar, inside which gravitational forces sh protons and electrons together, 
turning the into particles kno\ 3 neutrons. A neutron star contains about 





a few solar masses of material, squeezed into a radius of only 20 km. This 
means the rr I ed that a thimble full of it would weigh mil- 
ions of tonnes on Eartt 1eutron stars, whose radio emissions 
sars. 









called pi 


eem to pulse on ar 


limit of a neutron star - about three solar masses - gravity 

) and collapses the star even further, creating a black 
are perhaps the strangest objects in the Universe because noth- 
ing, not even light, can escape from inside a black hole. So, the presence of 
a black hole can only be inferred by its effect on surrounding celestial 
objects and other interstellar material. 











Virtually all types of compact objects are significant sources of high-energy 
emission because of the enormous gravitatior they tend t 
Gravitational fields can accelerate particles in the vicinity t trerr 
ties, which then emit gamma rays and X-ray 

INTEGRAL will capture images of t 
pact objects with unprecedented 
than ever before at these enigma 











Antimatter was discovered by Carl Anderson at 
the California Institute of Technology, in 1932. 
During his experiments, he found a fascinating 
particle that was as light as an electron but posi- | 
tively instead of negatively charged. Paul Dirac, a 
theoretician from Cambridge University explained 
that the new particle, named a positron, was the 
antimatter counterpart of our electron. Antimatter 
is opposite in every way to more normal matter, 
except for the mass of the particle, which is the 
same. When a matter particle meets its antimatter 
counterpart, they will annihilate into gamma rays 





Giant black holes 


A giant black hole is quite probably lurking at the 
centre of most galaxies, including our own Milky 
Way. From observations at radio and infrared 
wavelengths, astronomers know that the heart of 
our galaxy is a site of violent activity. At gamma 

ray energies, its behaviour is even more extreme. 

Arching up from the centre of the galaxy is what 
appears to be an enormous cloud of antimatter 
It is glowing brightly with gamma rays, created as 
the antimatter annihilates its normal matter coun- 
terparts. INTEGRAL will pursue this investigation 
into the astrophysical processes at work near the 
heart of the Milky Way. 





There are two main types of black hole, the stellar 
variety and the supermassive ones. Stellar black 
| holes are created by supernovae and their bigger 
cousins, hypernovae. They contain a few times the 
mass of the Sun. This matter is squeezed into a 
tiny sphere, just a few kilometres across. Examples 
can be found throughout a galaxy and are some- 
times found orbiting other stars, tearing them to 
pieces with their strong gravitational pull. 

The supermassive black holes are monsters! 

The smallest contain a few hundred thousand 
times the mass of the Sun, whilst the biggest con- 


into a sphere that is approximately the size of our 
Solar System, Supermassive black holes are only 
found in the very centres of galaxies and are 
thought to be a natural by-product of the galaxy's 
formation. 

Recently, a third type containing between 10 and 
1000 solar masses, have been discovered in near- 
by galaxies. Their origin is unknown at present. 
When matter falls into a black hole of whatever 
size, just before it disappears forever, the matter 
can emit gamma rays that shoot across the 
Universe in a kind of cosmic cry for help! 








Family portra lack holes 


tain billlons of solar masses. All of this is packed | 








ss. the size of our Solar System, are thought to 
lcs 


most galaxies, i t 


The violence in the centre of some other galaxies 
can be even more dramatic. Such a place is called 
an Active Galactic Nucleus (AGN) and there are 
various types. Regardless of their classification, 
however, all AGNs emit a wide range of radiation 
that varies in intensity over time scales ranging 
from a fraction of a day to several months. Most 
astronomers now believe that it is matter falling into 
a very massive central black hole that powers an 
AGN, High-energy emission, in the form of gamma 
tays and X-rays, is generated as the matter swirls 
around the black hole in a disc, waiting to be pulled 
inwards. Narrow jets of matter shoot away from the 
black hole but how these jets are formed and what 
makes them so narrow is still not understood. 


There are AGNs so bright that they outshine their 
host galaxy. These are known as quasars and are 
some of the most luminous objects in the Universe. 
However, they are difficult to observe because 
most of them are billions of light years away. 


INTEGRAL will be the best-equipped satellite to 
study these celestial powerhouses, peering into 
their hearts to unlock the secrets of how they 
formed 
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satellites register sudden bursts of 
; - always from a random directior 
‘ SB aeeres > ‘ a day, These bursts may last a hun- 
Pres econd, or anything up to 90 minutes. 
~ 2 * te ° 
. They become, briefly, the bright bjects the 
y, yamma-ray sky but are never seen to repeat. For 


twenty years, astronomers had no clues 





about how far away these explosions occurred. 








Fe : en, during 1997, the Italian-Dutch satellite 
: m g the BeppoSAX provided accurate X-ray measurements 
quickly that a burst's location could be pir 
pointed, enabling follow-up observations with opt 
ai and other telescopes. These observations 
firmed that the gamma-ray bursts are extre 
mely distant and therefore must be caused by 
tremendous explosions equal to the radiance of 
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This colc amount of energy may be released 
compact objects, such as neutron stars or 
black holes, collide. Astronomers know of a small 





of neutron stars in our galaxy that are in 
and may merge in the far 





around one anothe 
future. There is also mounting evidence that 
incredibly powerful supernovae, called ‘hyper- 
novae’, are the source of the gamma-ray bursts. 
NNTEGRAL will be able to look at the glowing 
debris for the telltale signs of elements crea 


when a star explodes. 














Incredibly powergul bursts of gamma rays appar from any direction 
but last for ju€t a matter of seconds or minutes, before fading 
iustratign by Mediaia 





Oseroing the invisible 


INTEGRAL's task will be to gather the most ener 
getic radiation in the Universe. Gamma rays are 
@ven more powerful than the X-rays used in 
Medical examinations, yet most gamma radiation 
from space cannot be tracked from the ground 
because it is blocked by Earth’s atmosphere. That 
is why INTEGRAL has to be a satellite-based 
observatory, 


Even from orbit, observing gamma rays is a diffi- 
cult task. They are five million times more ener- 
getic than visible light and, because of this, they 
pass right through matter with hardly any inter- 
actions. This is a double-edged sword. On the one 
hand, it means that they carry pure information 
about the objects that created them. On the other, 
their ability to penetrate matter means that they are 
difficult to detect because they pass straight 
through traditional mirrors and cameras. 


INTEGRAL uses two specially designed gamma- 
ray telescopes to register these elusive rays. One 
telescope will take pictures using the gamma rays 
and the other will measure their energy. The 
gamma-ray telescopes are supported by two 
others, an X-ray monitor and an optical camera 








= ] 


All types of electromagnetic radiation can be 
characterized by a wavelength, given in metres 
or fractions of @ metre. A nanometre, for 
instance, is one thousand-millionth of a metre 
Red light has a wavelength of 700 nanometres 
and violet light 400 nanometres. INTEGRAL 
Studies radiation with even shorter wavelengths, 
from 0.4 down to only 0,0008 nanometrest 


The shorter the wavelength, the higher is the 
energy of the radiation, The energy of radiation 
is usually given in efectron-Volts or eV, a unit of 
energy used in particle physics. Visible light has 
an energy of 2 to 4 eV, while X-rays carry thou- 
sands of eV, 1c. kilo-electron-Volt or keV. 
INTEGRAL studies radiation in the energy range 
from 3-keV right up 10 15 MeV. (15 mega-clectron- 
Volt or 15 million eV). 








All four instruments point to the same region of the 
sky and take observations simultaneously, 

This will be the first time such measurements 
have been made concurrently and will allow a 
clearer identification of the gamma-ray sources 
By comparing the optical, X-ray and gamma-ray 
data, astronomers will have taken a key step for- 
ward in studying high-energy processes in the 
violent Universe. 





ESA's first gamma-ray satellite was COS-B. 

Launched during 1975, it put European astronomers at the forefront of the field. 
COS-B was followed by the Russian-French mission GRANAT (1989-1998) and 
NASA's Compton Gamma-ray Observatory (CGRO) (1991-2000). In October 
2000, the international High Energy Transient Explorer (HETE-2) satellite was 
launched, carrying a French gamma-ray telescope and X-ray detectors. Now 
astronomers all around the world will also have INTEGRAL, the most sensitive 
gamma-ray observatory ever launched. 

















The INTEGRAL spacecraft 
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The INTEGRAL spacecraft is composed of two main sections, the service 
module and the\payload module. The service module is the lower part of the 
satellite. It provides essentials such as power (via solar panels), satellite 
control and the communi ns link to the ground. The payload module is 
connected to the service le and consists of the four scientific instru- 
ments. To reduce the cost/as/much as possible, the service module design 
from ESA's XMM-Newton lite was reused. 


Industrial contractors from all over Europe built he spacecralt, and 
the experiments were contributed by academic and industrial con- 
sortia, also from various European Countries. in addition, the 
Russian Space Agency agreed to launch INTEGRAL {ree in 
exchange for observing time, 


The launch is the culmination of, ide of work, started 
Pthe prime contractor (Alenia) 
‘design phase started in 1995 and \ 
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The imager, IBIS 







INTEGRAL provides, for the first time, simultaneous 
observations with the same satellite at visible, X-ray 
and gamma-ray wavelengths for some of the mos 


energetic objects in the Universe. 








The optical monitor, OMC 


The OMC offers INTEGRAL the opportunity to make 
automatically, simultaneous observations of the 
visible light coming from the gamma-ray and X-ray 
es. Such observations are particularly impor 
tant in high-energy astrophysics because emission 
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from a source can change very rapidly. 

The OMC can register objects of magnitude 18.2 in 
f a 1,000 second exposure and is basically a tradi 
4 Az i tional refracting telescope (i.e. one that uses a len: 
4 Bay to focus light). It has a 5 cm lens and a CCD 

ag 

; uy (charge-coupled device) detector in the foca 
, plane. The principal investigating institution is 


ah See INTALAEFF. Spain 


The X-ray monitor, JEM-X 


The Joint European X-Ray Monitor, JEM-X, plays a 
rucial role in the detection and identification of the 
mma-ray sources. JEM-X is a pair of telescope 
that will make observations simultaneously with the 
main gamma-ray instruments and will provide 
images in the 3 to 35 keV energy range with 
angular resolution comparable to that of IBIS. 

Like IBIS and SPI, it uses the coded-mask tech 














nique. Two coded masks are located 3,2 m above 
1 the detection plane. The detector, a so-call 
v) Imaging Micro-Strip Gas Counter, consists of two 
identical gas chambers filled with a mixture of xenon 
and methane at a pressure of 1.5 bar, i.e. 1.5 times 
the normal atmospheric pressure at sea level. The 
principal investigating institution is DSRI, Denmark 








The spectrometer, SPI 


The SPI (Spectrometer on INTEGRAL) will allow 
amma-ray energies to be measured with excer 





tional accuracy. It will be much more si 
fainter radiation than any previous high-accuracy 
ay instrument. SPI will be used to analyse 
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between 20 keV and 8 Me’, using an array of 19 
agonal high-purity detectors 
doled to -183 degrees C Kelvin). Tc 
reduce interference, the tor is shielded by 
bismuth german xxide crystals, extending 





around the 





m and side o tor almost 
PI is extremely heavy, 
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ns for SPI are CESR Toulouse, F 
MPE Garching, Germany 
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The path to INTEGRAL 








‘The Proton rocket will place INTEGRAL into a low parking 
orbit. About 50 minutes later, another rocket will fire, 
putting INTEGRAL into a transfer orbit. The satellite will 
Separate from this rocket and use its own propulsion sys- 
tem to manoeuvre into a final 72-hour orbit that will cycle 
the spacecraft between altitudes of 10,000 km and 
153,000 km above the Earth. This is essential because 
INTEGRAL must stay above Earth's radiation belts, other- 
wise its view of the Universe will be distorted. The radia- 
tion belts are subatomic particles (a small concentration 
of protons, surrounded by a larger, more diffuse assem- 
blage of electrons) that are trapped in the Earth's mag- 
netic field. INTEGRAL will spend 90% of its orbit outside 
the radiation belts. 





Bl Aeitek bramctnbede shar the other 
at Goldstone in California, United States, will communi- 
cate between the satellite and the ground stations, 


NOGA Nhe ROR eae at 
Noordwijk, in the Netherlands, determines which tar- 
gets INTEGRAL will observe. The list is based on pro- 
posals submitted by the scientific community and 
selected on the basis of their scientific merit. 


The Mission Operations Centre (MOC) is located at 
ESOC, the European Space Operations Centre, in 





gamma radiation from space 


Solar panels span 16 m when deployed 
2 tonnes, 4 instruments 


Detecting with unprecedented ser 
‘Simultaneous observations at sake and optical wavelengths 
4.1 tonnes at launch, 5 m high, 3.7 m in diameter 


17 October 2002, from Baikonur on a Russian Proton launcher 
72-hour, 10,000-153,000 km altitude, 51.6 degree inclination 

Redu (Belgium) ESA and Goldstone (California, United States) NASA 
2-5 years 

Alenia Aerospazio, Turin, Italy 

Selected by ESA in June 1993 as a medium-size scientific mission 
(M2) in the Agency's Horizon 2000 Programme 
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